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Pions, nucleons, and � isobars couple strongly
in the nuclear medium and the resulting spin-
isospin modes may a�ect the transport prop-
erties. We have made transport simulations
incorporating in-medium pion dispersion rela-
tions, partial � widths, pion reabsorption cross
sections, NN $ �N cross sections, and �
spectral functions. These in-medium quantities
have been calculated microscopically from the
� + NN�1 +�N�1 model presented in [1] and
incorporated into the transport formalism of Li
and Bauer [2] by a local density approximation.
The medium-modi�ed simulations show strong
e�ects on properties not directly observable dur-
ing the collision process, such as pion and � pro-
duction and reabsorption rates. However, the �
and � populations are rather insensitive to the
speci�c cross sections, because chemical equilib-
rium between these degrees of freedom is estab-
lished rather quickly. Moreover, there are only
minor e�ects on the spectra of the emitted pions,
as is reasonable since most of the emitted pions
are produced at the surface where the density is
low and the in-medium e�ects are correspond-
ingly small.
It is reasonable to expect that the in-medium

properties incorporated into the transport treat-
ment by the local density approximation lead to
larger e�ects than might occur in a real nuclear
collision. In such a collision the volume and time
for the interactions are �nite and it might be
that, for example, collectivity is developed to a
smaller degree than in in�nite nuclear matter at
equilibrium. Another uncertainty in the present
treatment is that we, also at high densities, have
used interactions and coupling constants, that
are known in vacuum or at low densities.
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For this reason we have chosen to present re-
sults based on two di�erent microscopic input
(with some properties quite di�erent). Thus we
have illustrated which quantities in the transport
treatment depend sensitively on the input, and
which ones that are more robust.
Form factor choice FF1 with the chosen pa-

rameter set leads for high densities to pion con-
densation e�ects in the microscopic calculations
(manifested in a large width for � decay to low
energy NN�1 modes). While these e�ects prob-
ably are absent in a real nuclear collision, we
have chosen to implement them into the trans-
port treatment to study what e�ects remain af-
ter transport simulations. Although our trans-
port treatment becomes very crude when we in-
corporate microscopic results containing e�ects
of onset of pion condensation, it is notable that
the e�ects on pion observables are very small,
even though very strong e�ects are found on low
mass �'s. Note also that the pion condensation
e�ects for FF1 does not rule out this form fac-
tor choice, since the onset of pion condensation
could be pushed up to higher densities by sev-
eral means, for example by using an extended
�N�1 model or by using density dependent g0

parameters.
In an energetic nucleus-nucleus collision also

other particles, not considered in this work, are
produced in multi-step processes where �'s and
pions act as intermediate particles. Thus, the in-
clusion of medium-modi�ed �'s and pions could
be important when studying kaon and dilepton
spectra, for example, in order to correctly un-
derstand signatures of in-medium modi�cations
of vector meson masses due to chiral restoration.
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